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(57) ABSTRACT

A radiographic 1mage capturing apparatus includes a radia-
tion source device housing therein a radiation source for
outputting a radiation, a cassette housing therein a radiation
detector for detecting the radiation which 1s transmitted
through a subject when the subject 1s irradiated with the
radiation by the radiation source, and converting the detected
radiation into a radiographic 1mage, and a joiming mechanism
for selectively integrally joining the radiation source device
and the cassette to each other and separating the radiation
source device and the cassette from each other when the
radiation source outputs the radiation.
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RADIOGRAPHIC IMAGE CAPTURING
APPARATUS AND RADIOGRAPHIC IMAGE
CAPTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of
priority from Japanese Patent Application No. 2009-1782035
filed on Jul. 30, 2009, of which the contents are incorporated

herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radiographic 1mage cap-
turing apparatus including a radiation source device which
houses a radiation source therein and a cassette which houses
a radiation detector therein, and a radiographic image captur-
ing method for detecting a radiation output from the radiation
source with the radiation detector and converting the detected
radiation 1nto a radiographic image.

2. Description of the Related Art

In the medical field, there have widely been used radio-
graphic 1mage capturing apparatus which apply a radiation to
a subject and guide the radiation that has passed through the
subject to a radiation conversion panel (radiation detector),
which captures a radiographic image from the radiation.
Known forms of the radiation conversion panel include a
conventional radiation film for recording a radiographic
image by way of exposure, and a stimulable phosphor panel
for storing a radiation energy representing a radiographic
image in a phosphor and reproducing the radiographic image
as stimulated light by applying stimulating light to the phos-
phor. The radiation film with the recorded radiographic image
1s supplied to a developing device to develop the radiographic
image, or the stimulable phosphor panel 1s supplied to a
reading device to read the radiographic image as a visible
image.

In the operating room or the like, 1t 1s necessary to read a
recorded radiographic 1image immediately from a radiation
conversion panel after the radiographic 1mage 1s captured for
the purpose of quickly and appropriately treating the patient.
As aradiation detector which meets such a requirement, there
have been developed a radiation detector of the direct conver-
s1on type having a solid-state detector for converting a radia-
tion directly into an electric signal and a radiation detector of
the indirect conversion type having a scintillator for tempo-
rarily converting a radiation into visible light and a solid-state
detector for converting the visible light into an electric signal.

As disclosed 1n Japanese Laid-Open Patent Publication
No. 10-225450 and Japanese Laid-Open Patent Publication
No. 2007-222604, the radiographic 1image capturing appara-
tus are developed on the assumption that they will be used to
capture radiographic 1mages of patients 1n hospitals.

There are potential demands for capturing radiographic
images outside hospitals. To meet such demands, radio-
graphic 1mage capturing apparatus mounted on motor
vehicles dedicated for medical examination have been pro-
posed 1n the art. However, the proposed radiographic image
capturing apparatus on the medical examination motor
vehicles are relatively large 1n size. Needs have arisen for
capturing radiographic images of persons who sufler from
natural disasters at the disaster sites or persons who are
receiving home-care services at their homes. However, the
existing medical checkup motor vehicles cannot be used 1n
the former application as they find 1t difficult to get to disaster
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sites. Though the existing medical checkup motor vehicles
may be driven to the homes of persons who are recerving

home-care services, the image capturing process 1s highly
burdensome to the people to be imaged because they have to
be taken from their homes into the medical examination
motor vehicle in order to capture radiographic i1mages
thereof. Therefore, there have been demands for small-size
portable radiographic 1image capturing apparatus for use at
natural disaster sites or homes receiving home-care services.

There has been developed a portable radiographic 1mage
capturing apparatus which can be folded into a compact form
in 1ts entirety as disclosed in Japanese Laid-Open Patent
Publication No. 11-104117. In addition, field-emission-type
radiation sources based on the carbon nanotube (CNT) tech-
nology have also been proposed as disclosed 1n Japanese
Laid-Open Patent Publication No. 2007-103016 and AIST:
Press Release “Development of Portable X-ray Sources
Using Carbon Nanostructures” [online], Mar. 19, 20009,
National Institute of Advanced Industrial Science and Tech-
nology, [retrieved Jul. 8, 2009, Internet <URL: http://ww-
w.aist.go.jp/aist_j/press_release/pr2009/pr20090319/
pr20090319.html>. It has been expected to have small-size,
lightweight radiographic image capturing apparatus includ-
ing radiation sources, available 1n the art.

When a radiographic image capturing apparatus including,
a radiation source 1s reduced 1n overall size and weight, it 1s
casy to carry around. Specifically, the doctor or radiological
technician in charge carries the radiographic image capturing,
apparatus 1n its compactly folded form to a disaster site or a
home recerving home-care services. At the disaster site or the
home, the doctor or radiological technician assembles the
radiographic 1image capturing apparatus nto an operational
form so that 1t 1s ready to capture radiographic images. After
having captured radiographic images, the doctor or radiologi-
cal technician folds the radiographic image capturing appa-
ratus into the compact form again. The portable radiographic
image capturing apparatus needs to be assembled and readied
for capturing radiographic images each time it 1s carried to a
different site. Consequently, it 1s desirable to make the por-
table radiographic 1mage capturing ready to capture radio-
graphic 1mages simply in a short period of time.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a radio-
graphic 1image capturing apparatus and a radiographic image
capturing method which can be readied to capture radio-
graphic 1mages simply in a short period of time.

To achieve the above object, a radiographic 1image captur-
ing apparatus according to the present invention includes a
radiation source device housing therein a radiation source for
outputting a radiation, a cassette housing therein a radiation
detector for detecting the radiation which 1s transmitted
through a subject when the subject 1s irradiated with the
radiation by the radiation source, and converting the detected
radiation 1nto a radiographic 1mage, and a joining mechanism
for selectively integrally joining the radiation source device
and the cassette to each other and separating the radiation
source device and the cassette from each other when the
radiation source outputs the radiation.

To achieve the above object, a method of capturing a radio-
graphic 1mage according to the present invention includes the
steps of moving a radiation source device and a cassette
which are integrally joined to each other by a joining mecha-
nism, thereafter, separating the radiation source device and
the cassette from each other, outputting a radiation from a
radiation source housed 1n the radiation source device and
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applying the radiation to a subject, and detecting the radiation
which 1s transmitted through the subject and converting the
detected radiation 1nto a radiographic image with a radiation
detector housed 1n the cassette.

According to the present invention, the radiation source
device and the cassette which are integrally joined to each
other by the joining mechanism are moved. When a radio-
graphic 1image of the subject 1s to be captured, the radiation
source device and the cassette are separated, and the radiation
source housed in the radiation source device outputs and
applies the radiation to the subject.

The radiographic 1mage capturing apparatus which 1s por-
table 1s small 1n s1ze and weight, and can simply and quickly
be readied for capturing radiographic images according to a
preparatory procedure.

The above and other objects, features, and advantages of
the present invention will become more apparent from the
following description when taken in conjunction with the
accompanying drawings in which preferred embodiments of
the present invention are shown by way of illustrative
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a radiographic image cap-
turing apparatus according to a first embodiment of the
present invention;

FI1G. 2 1s a perspective view showing the manner 1n which
the radiographic 1image capturing apparatus shown 1n FIG. 1
1S carried;

FIG. 3 1s a cross-sectional view taken along line III-III of
FIG. 1;

FI1G. 4 1s a cross-sectional view of the radiographic image
capturing apparatus, showing a radiation source device sepa-
rated from a cassette;

FIG. 5 1s a cross-sectional view, partly shown in block
form, of internal details of a radiation source device shown 1n

FIG. 1;

FI1G. 6 1s an elevational view, partly 1n cross section, show-
ing the manner 1 which the radiographic 1image capturing
apparatus shown 1n FIG. 1 captures a radiographic image;

FIG. 7 1s an elevational view showing the manner 1n which
the radiographic 1image capturing apparatus shown 1n FIG. 1
1s being readied to capture a radiographic image;

FIG. 8 15 an elevational view showing the manner in which
the radiographic 1image capturing apparatus captures a radio-
graphic 1mage;

FI1G. 9 1s a schematic view showing an array of pixels of a
radiation detector of the radiographic 1mage capturing appa-
ratus shown 1n FIG. 1;

FIG. 10 1s a block diagram of a circuit arrangement of the
radiation detector 1n the cassette;

FIG. 11 1s a block diagram of the radiographic image
capturing apparatus shown 1n FIG. 1;

FIG. 12 1s a flowchart of an 1mage capturing sequence of
the radiographic 1mage capturing apparatus shown 1n FIG. 1;

FIG. 13 1s a perspective view ol a mobile terminal which
displays a radiographic image on a display unit thereof;

FIG. 14 1s a perspective view of a modification of the
radiographic 1image capturing apparatus shown 1n FIG. 1;

FI1G. 1515 a perspective view of another modification of the
radiographic 1image capturing apparatus shown 1n FIG. 1;

FIG. 16 15 a perspective view of still another modification

of the radiographic image capturing apparatus shown in FIG.
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4

FIG. 17 1s a perspective view ol a radiographic image
capturing apparatus according to a second embodiment of the

present invention;

FIGS. 18A and 18B are enlarged fragmentary cross-sec-
tional views taken along line XVIII-XVIII of FIG. 17;

FIGS. 19A through 19C are perspective and cross-sec-
tional views 1llustrative of the function of a torsion spring on
the proximal end of an arm shown 1n FIG. 17;

FIG. 20 1s a perspective view showing the manner in which
the radiographic 1mage capturing apparatus shown in F1G. 17
captures a radiographic 1image;

FIG. 21 1s an elevational view, partly 1n cross section,
showing the manner 1n which the radiographic 1mage captur-
ing apparatus shown i FIG. 17 captures a radiographic
1mage;

FIG. 22 1s a side elevational view a modification of the
radiographic 1image capturing apparatus shown 1n FIG. 17;

FIG. 23 1s a block diagram of the radiographic image
capturing apparatus according to the second embodiment;

FIG. 24 1s a perspective view of a radiographic image
capturing apparatus according to a third embodiment of the
present invention;

FIG. 25 1s a cross-sectional view of the radiographic image
capturing apparatus shown in FIG. 24;

FIG. 26 15 a plan view of the radiographic image capturing,
apparatus shown 1n FIG. 24;

FIG. 27 1s a view of a portion of a modification of the
radiographic image capturing apparatus according to the first
through third embodiments;

FIGS. 28A and 28B are views of a portion of another
modification of the radiographic image capturing apparatus
according to the first through third embodiments;

FIG. 29 1s a view of a portion of another modification ofthe
radiographic 1mage capturing apparatus according to the first
through third embodiments;

FIGS. 30A and 30B are views of a portion of still another
modification of the radiographic image capturing apparatus
according to the first through third embodiments;

FIG. 31 1s a view of a portion of still another modification
of the radiographic image capturing apparatus according to
the first through third embodiments;

FI1G. 32 1s a perspective view of another modification o the
radiographic 1mage capturing apparatus shown in FIG. 1; and

FIG. 33 1s an elevational view, partly 1n cross section,
showing the manner in which the radiographic image captur-
ing apparatus shown in FI1G. 1 captures a radiographic image.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As shown 1n FIGS. 1 and 2, aradiographic image capturing
apparatus 10A according to a first embodiment of the present
invention includes a cassette 12 having a substantially rect-
angular outer contour shaped as a housing and made of a
material permeable to a radiation 46 (see FIG. §), and a
cylindrical radiation source device 18 held by the cassette 12
by a pair of holders 16a, 165 projecting outwardly from the
opposite ends of one side 14a of the cassette 12.

The cassette 12 has guide lines 22 disposed on a surface
(1irradiated surface) 20 thereof which serve as a reference for
an 1mage capturing area and an image capturing position. The
cassette 12 also has a grip 24 on a side 145 thereol remote
from the side 14a. The cassette 12 has other two sides 14c¢,
144 extending perpendicular to and between the sides 14a,
145 which are opposite to each other. On the side 14¢, there
are disposed an AC adapter input terminal 26, an USB (Uni-
versal Serial Bus) terminal 28 as an interface means for send-
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ing information to and receiving information from an external
device, a card slot 32 for inserting a memory card 30 therein,
and an unlock button (unlock unit) 34 to be described later.
The side 14c¢ also supports thereon a mobile terminal 42
detachable from the cassette 12. The mobile terminal 42 has
a display umit 36 and a control pad 40 operable by the doctor
or radiological technician (hereinafter referred to as “opera-
tor’”) 38 who handles the radiographic image capturing appa-
ratus 10A. The radiation source device 18 has an exposure
switch 48 which can be operated by the operator 38 to cause
a radiation source 44 (see FIGS. 3 through 5), which 1s to be
descried later, to start emitting a radiation 46 (see FI1G. 5).

FIGS. 1 and 2 show the radiographic image capturing
apparatus 10A which 1s being carried by the operator 38.
When the radiographic 1image capturing apparatus 10A 1s
carried, the radiation source device 18 and the cassette 12 are
integrally joined to each other. The operator 38 grips the grip
24 and carries the radiographic image capturing apparatus
10A to a desired site, such as a disaster site or a home receiv-
ing home-care services. When the operator 38 arrives at the
site, the operator 38 operates the radiographic 1mage captur-
ing apparatus 10A to capture radiographic images of a victim
at the disaster site or a person recerving home-care services at
the home. The victim or person whose radiographic 1images
are to be captured will hereinafter be referred to as a subject
50 (see FIG. 6).

When the radiation source device 18 and the cassette 12 are
integrally joined to each other, they are secured together by a
jo1mng mechanism 82 (see FIG. 3), to be described later, such
that the radiographic 1image capturing apparatus 10A can be
carried.

The portable radiographic 1mage capturing apparatus 10A
which has been brought to a site such as a disaster site or a

home recerving home-care services will be described below
with reference to FIGS. 3 through 8.

As shown 1n FIG. 3, the sides 14q, 1456, 14¢, 14d of the
cassette 12 are provided by respective side walls 52a, 525,
52¢, 52d thereot. The input terminal 26, the USB terminal 28,
the card slot 32, and the unlock button 34 are provided on the
side wall 52¢. The side wall 52¢ has a recess 54 defined
between the card slot 32 and the unlock button 34, and the
mobile terminal 42 can be placed 1n the recess 54.

When the unlock button 34 is pressed by the operator 38
(see FIG. 2), 1t 1s displaced along the side wall 52a toward the
side wall 52d. A slide 56 projects from a surface of the unlock
button 34 toward the side wall 524 along the side wall 52a,
and a spring 60 acts between the slide 56 and a tooth 58
projecting mnwardly from the side wall 52a. The spring 60
normally biases the unlock button 34 to move 1n a direction
from the tooth 58 toward the side wall 52¢. The side wall 52a
has a through hole 62 defined 1n a portion thereol against
which the slide 56 slides, the through hole 62 being formed
from an 1nner surface of the side wall 52a to an outer surface
thereot. The slide 56 has a hook (hook, lock unit) 64 extend-
ing through the through hole 62.

As shown 1n FIGS. 3 and 4, the radiation source device 18
has a through hole 66 defined therein at a location which 1s
aligned with the hole 62 of the cassette 12 when the radiation
source device 18 1s held by the cassette 12 by the holders 164,
16b6. The hole 66 1s of substantially the same size as the hole
62. When the hook 64 1s displaced toward the side wall 52¢
under the bias of the spring 60, the hook 64 engages an edge
of the hole 66 and locks the radiation source device 18,
thereby integrally joining the radiation source device 18 to the
cassette 12 (see FIG. 3).

The radiation source device 18 has an electrically conduc-
tive connection terminal (radiation source connection termi-
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nal) 68a mounted on an end thereot which faces the holder
16a, and also has an electrically conductive connection ter-
minal (radiation source connection terminal) 685 mounted on
the other end thereof which faces the holder 165. The con-
nection terminal 68a 1s convex toward the holder 164,
whereas the connection terminal 685 1s concave toward the
holder 16b.

The holder 16a has an electrically conductive connection
terminal (cassette connection terminal) 70a on a surface
thereof which faces the radiation source device 18. The holder
165 has an electrically conductive connection terminal (cas-
sette connection terminal) 706 on a surface thereof which
faces the radiation source device 18. The connection terminal
70a 1s concave complementarily i shape to the convex con-
nection terminal 68a, whereas the connection terminal 705 1s
convex complementarily 1n shape to the concave connection
terminal 68b.

As shown 1n FIG. 3, when the hook 64 engages the edge of
the hole 66 under the resiliency of the spring 60 to keep the
radiation source device 18 and the cassette 12 integrally
joined to each other, the convex connection terminal 68a and
the concave connection terminal 70a engage each other and
the concave connection terminal 685 and the convex connec-
tion terminal 705 engage each other. Therefore, the radiation
source device 18 and the cassette 12 are securely integrally
joined to each other. The connection terminals 68a, 685, 70a,
706 thus function as members for assisting the hook 64 and
the hole 66 1n keeping the radiation source device 18 and the
cassette 12 1ntegrally joined to each other.

As shown 1n FIG. 4, when the operator 38 presses the
unlock button 34 to move the unlock button 34 toward the side
wall 52d against the resiliency of the spring 60, the hook 64
and the slide 56 are displaced toward the side wall 52d to
bring the hook 64 out of engagement with the edge of the hole
66. While the hook 64 1s kept out of engagement with the edge
of the hole 66, 1.e., while the operator 38 is pressing the
unlock button 34, the operator 38 can remove or separate the
radiation source device 18 from the cassette 12, so that the
radiation source device 18 and the cassette 12 are released
from each other.

The cassette 12 houses therein a tape measure 72 compris-
ing a ribbon (ribbon, joining member) 76 marked with gradu-
ations 74 which 1s coiled 1nto a roll by a spring, not shown, 1n
the tape measure 72. The tape measure 72 1s combined with a
rotary encoder (reeled-out length detector) 78 on a side
thereol for detecting the length by which the ribbon 76 1s
recled out of the tape measure 72. The ribbon 76 reeled out of
the tape measure 72 extends through a hole 80 that 1s defined
in the side wall 524 at a location facing the tape measure 72,
and has 1ts distal end fixed to the radiation source device 18
near the connection terminal 685b.

When the radiation source device 18 and the cassette 12
integrally joined to each other as shown 1n FIG. 3, most of the
ribbon 76 1s coiled into a roll 1n the tape measure 72 under the
resiliency of the spring in the tape measure 72. When the
radiation source device 18 and the cassette 12 are not inte-
grally joined to each other as shown in FIGS. 4 through 8, the
ribbon 76 can be pulled out of the tape measure 72 through the
hole 80 by separating the radiation source device 18 away
from the cassette 12 against the resiliency of the spring.

The unlock button 34, the slide 56, the spring 60, the hook
64, the connection terminals 68a, 685, 70a, 705, and the tape
measure 72 jointly make up a joining mechanism 82 for
integrally joining the radiation source device 18 and the cas-
sette 12 to each other when the radiographic image capturing
apparatus 10A 1s to be carried around, and also for separating
the radiation source device 18 and the cassette 12 from each
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other when the radiographic 1image capturing apparatus 10A
1s to capture radiographic images.

The tape measure 72 comprises the ribbon 76 marked with
the graduations 74 in the illustrated embodiment. However,
the tape measure 72 may comprise a string (string, joinming,
member) 75 marked with graduations 74, as a functional
equivalent to the ribbon 76.

As shown 1n FIGS. 3 and 6, the cassette 12 also houses
therein a grid 84 for removing scattered rays of the radiation
46 from the subject 50 when the radiation source 44 applies
the radiation 46 to the subject 50, a radiation detector 86 for
detecting the radiation 46 that has passed through the subject
50, and a lead plate 88 for absorbing back scattered rays of the
radiation 46, which are successively arranged in the order
named from the 1rradiated surface 20 of the cassette 12. The
irradiated surface 20 of the cassette 12 may be constructed as
the grid 84.

The radiation detector 86 may comprise a radiation detec-
tor of the indirect conversion type including a scintillator for
converting the radiation 46 having passed through the subject
50 1nto visible light and solid-state detectors (hereinaiter also
referred to as pixels) such as of amorphous silicon (a-S1) or
the like for converting the visible light into an electric signal,
or a radiation detector of the direct conversion type compris-
ing solid-state detectors of amorphous selentum (a-Se) or the
like for converting the dose of the radiation 46 directly into an
clectric signal.

As shown 1n FIG. 3, the cassette 12 also houses therein a
battery 90 as a power supply of the radiographic 1image cap-
turing apparatus 10A including the cassette 12, a cassette
controller (control unit, exposure inhibition controller) 92 for
controlling the radiation detector 86 (see FI1G. 6) with electric
power supplied from the battery 90, and a transceiver (com-
municating means) 94 for sending and receiving signals
including the information of the radiation 46 detected by the
radiation detector 86, to and from an external circuit. A plate
of lead or the like should preferably be placed over the side
surfaces of the cassette controller 92 and the transceiver 94
under the 1irradiated surface 20 to protect the cassette control-
ler 92 and the transceiver 94 against damage which would
otherwise be caused 1f wrradiated with the radiation 46.

The battery 90 supplies electric power to the rotary encoder
78, the radiation detector 86, the cassette controller 92, and
the transceiver 94 in the cassette 12. The battery 90 can
receive electric power from an external circuit through the
input terminal 26, so that the battery 90 can be charged by the
supplied electric power. The battery 90 can also charge the
mobile terminal 42 when the mobile terminal 42 1s placed in
the recess 54. The battery 90 1s electrically connected to the
connection terminals 70a, 706, so that when the radiation
source device 18 1s integrally joined to the cassette 12, the
battery 90 can charge a battery (radiation source battery) 96
(see FIG. 5) 1n the radiation source device 18 through the
connection terminals 70a, 705, 68a, 68b. The display unit 36
of the mobile terminal 42 should desirably display charged
levels and charged states of the battery 90, the mobile termi-
nal 42, and/or the battery 96.

The transceiver 94, which 1s capable of sending signals to
and recerving signals from an external circuit, can send sig-
nals to and receive signals from a transcerver 98 (see FI1G. 11)
of the mobile terminal 42 when the mobile terminal 42 is
removed from the recess 34, and also send signals to and
receive signals from a transceiver (communicating means)
100 1n the radiation source device 18 when the radiation
source device 18 1s detached from the cassette 12. The trans-
ceivers 94, 98, 100 can send signals to and receive signals
from each other while the radiation source device 18 and the
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cassette 12 are integrally joined to each other and/or the
mobile terminal 42 1s placed 1n the recess 54.

As shown 1n FIG. 5, the radiation source device 18 houses
therein a battery 96, a transcerver 100, a radiation source
controller (control unit, exposure inhibition controller) 102
for controlling the radiation source 44, a laser pointer 104,
and a charging stop detector 105 for detecting when the
battery 90 stops charging the battery 96 because of detach-
ment of the radiation source device 18 from the cassette 12.

The radiation source 44 comprises a field-emission-type
radiation source similar to the field-emission-type radiation
source disclosed 1n Japanese Laid-Open Patent Publication
No. 2007-103016.

The radiation source 44 includes a disk-shaped rotary
anode 110 mounted on a rotational shaft 108 that can be
rotated about 1ts own axis by a rotating mechanism 106, an
annular target layer 112 disposed on the surface of the rotary
anode 110 and made mainly of a metallic element of Mo or
the like, a cathode 114 disposed 1n confronting relation to the
rotary anode 110, and a field-emission-type electron source
116 disposed on the cathode 114 1n conironting relation to the
target layer 112.

When the operator 38 operates the exposure switch 48, the
radiation source controller 102 controls the radiation source
44 to output the radiation 46. Specifically, when the radiation
source 44 1s controlled by the radiation source controller 102,
the rotating mechanism 106 rotates the rotational shait 108 to
rotate the rotary anode 110. The battery 96 supplies electric
power to a power supply 118, which applies a negative volt-
age to the field-emission-type electron source 116. The bat-
tery 96 also supplies electric power to a power supply 120,
which applies a voltage between the rotary electrode 110 and
the cathode 114, 1.¢., applies a positive voltage to the rotary
clectrode 110 and applies a negative voltage to the cathode
114. The fiecld-emission-type electron source 116 emits elec-
trons that are accelerated and bombard the target layer 112
under the voltage applied between the rotary electrode 110
and the cathode 114. The electrons are focused onto a point
122 on the surface of the target layer 112, and the bombarded
surface of the target layer 112 emits the radiation 46 from the
focused point 122 at an intensity level depending on the
applied electrons.

While the radiation source device 18 and the cassette 12 are
integrally joined to each other by the joiming mechanism 82
(see FIGS. 1 through 3), the radiation source 44 1s oriented
toward the cassette 12, as shown 1n FIGS. 3 and 4.

For wrradiating the subject 50 with the radiation 46 to cap-
ture a radiographic 1mage of the subject 50, it 1s necessary to
perform a preparatory procedure for making the radiographic
image capturing apparatus 10A ready to capture a radio-
graphic image. The preparatory procedure includes a process
for presetting a source-to-image distance (SID) representing
the distance (1maging distance) between the focused point
122 of the radiation source 44 and a position 124 (see FI1G. 6)
on the radiation detector 86 straight below the focused point
122 and a process for bringing the center of a range 1n which
the 1rradiated surface 20 1s irradiated with the radiation 46
into alignment with a central position 126 of the guide lines
22, 1.e., apoint of intersection of the criss-crossing guide lines
22.

The preparatory procedure is carried out as follows. As
shown 1n FIGS. 6 and 7, while the radiation source device 18
1s being separate from the cassette 12, the operator 38 pulls
the ribbon 76 (or the string 75) from the tape measure 72 until
the length of the ribbon 76 (or the string 75) which 1s reeled
out of the tape measure 72 becomes equal to a reeled-out
length 11 depending on the SID. The laser pointer 104 1s
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controlled by the radiation source controller 102 to apply a
laser beam 128 to the irradiated surtace 20 thereby to display
on the 1rradiated surface 20 a crisscross mark 130 which
represents the center of the range in which the irradiated
surtace 20 1s irradiated with the radiation 46.

Since the battery 90 stops charging the battery 96 when the
radiation source device 18 1s detached from the cassette 12,
the charging stop detector 105 detects when the battery 90
stops charging the battery 96 and sends a signal indicative of
the stop of the charging to the radiation source controller 102.
In response to the signal from the charging stop detector 105,
the radiation source controller 102 controls the laser pointer
104 to emit the laser beam 128.

The charging stop detector 105 sends no signal when the
radiation source device 18 and the cassette 12 are integrally
jo1ined to each other. At this time, even 11 the operator 38 turns
on the exposure switch 48 in error, the radiation source con-
troller 102 nullifies the turn-on of the exposure switch 48, and
does not energize the radiation source 44 and hence inhibits
the radiation source 44 from emitting the radiation 46. Inas-
much as the transceivers 94, 100 can send and receive signals
therebetween, 11 the operator 38 turns on the exposure switch
48 in error when the radiation source device 18 and the
cassette 12 are integrally joined to each other, then the cas-
sette controller 92 may 1nhibit the radiation source 44 from
emitting the radiation 46 through the transceivers 94, 100 and
the radiation source controller 102.

The SID, the reeled-out length 11 depending on the SID,
and a distance 12 between the position 124 or the central
position 126 and the side 14a which has the hole 80 through
which the ribbon 76 (or the string 75) 1s pulled out are related
to each other according to the equation: SID=~(11°+12%)"~.
The distance 12 1s constant.

After the ribbon 76 (or the string 75) 1s pulled from the tape
measure 72 by the reeled-out length 11, the operator 38 posi-
tionally adjusts the radiation source device 18 to bring the
mark 130 displayed on the irradiated surface 20 into align-
ment with the central position 126. Thereatter, the operator 38
turns on the exposure switch 48 to enable the radiation source
44 to apply the radiation 46 to the subject 50 on the 1rradiated
surface 20, thereby capturing a radiographic image of the
subject 50, as shown in FIG. 8. In FIG. 8, a radiographic
image of a hand of the subject 50 1s captured.

As shown 1n FIG. 9, the radiation detector 86 comprises a
number of pixels 132 arrayed on a substrate, not shown, a
number of gate lines 134 for supplying control signals to the
pixels 132, and a number of signal lines 136 for reading
clectric signals output from the pixels 132.

A circuit arrangement of the radiation detector 86, which 1s
of the indirect conversion type, for example, that 1s housed 1n
the cassette 12 will be described 1n detail below with refer-
ence to F1G. 10.

As shown 1n FIG. 10, the radiation detector 86 comprises
an array of thin-film transistors (ITFTs) 140 arranged 1in rows
and columns and a photoelectric conversion layer 138 includ-
ing the pixels 132 and made of a material such as amorphous
s1licon (a-S1) or the like for converting visible light into elec-
tric signals, the photoelectric conversion layer 138 being
disposed on the array of TFTs 140. When the radiation 46 1s
applied to the radiation detector 86, the pixels 132 generate
clectric charges by converting visible light into analog elec-
tric signals. Then, when the TFTs 140 are turned on along
cach row at a time, the electric charges are read from the
pixels 132 as an 1image signal.

The TFTs 140 are connected to the respective pixels 132.
The gate lines 134 which extend parallel to the rows and the
signal lines 136 which extend parallel to the columns are
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connected to the TFTs 140. The gate lines 134 are connected
to a line scanning driver 142, and the signal lines 136 are
connected to a multiplexer 144. The gate lines 134 are sup-
plied with control signals Von, Vo1t for turming on and off the
TFTs 140 along the rows from the line scanning driver 142.
The line scanning driver 142 comprises a plurality of switches
SW1 for switching between the gate lines 134 and an address
decoder 146 for outputting a selection signal for selecting one
of the switches SW1 at a time. The address decoder 146 1s
supplied with an address signal from the cassette controller
92.

The signal lines 136 are supplied with electric charges
stored by the pixels 132 through the TFTs 140 arranged 1n the
columns. The electric charges supplied to the signal lines 136
are amplified by amplifiers 148 connected respectively to the
signal lines 136. The amplifiers 148 are connected through
respective sample and hold circuits 150 to the multiplexer
144. The multiplexer 144 comprises a plurality of switches
SW2 for successively switching between the signal lines 136
and an address decoder 152 for outputting a selection signal
for selecting one of the switches SW2 at a time. The address
decoder 152 1s supplied with an address signal from the
cassette controller 92. The multiplexer 144 has an output
terminal connected to an A/D converter 154. A radiographic
image signal generated by the multiplexer 144 based on the
clectric charges from the sample and hold circuits 150 1s
converted by the A/D converter 154 1nto a digital image signal
representing radiographic image information, which 1s sup-
plied to the cassette controller 92.

The TFTs 140 which function as switching devices may be
combined with another image capturing device such as a
CMOS (Complementary Metal-Oxide Semiconductor)
image sensor or the like. Alternatively, the TF'Ts 140 may be
replaced with a CCD (Charge-Coupled Device) image sensor
for shifting and transferring electric charges with shift pulses
which correspond to gate signals in the TFTs.

FIG. 11 shows 1n block form the radiographic image cap-
turing apparatus 10A. Those components of the radiographic
image capturing apparatus 10A which have not been
described above with reference to FIGS. 1 through 10 will
mainly be described below with reference to FIG. 11.

The cassette 12 also houses therein a mobile terminal
charging processor 156 for charging the mobile terminal 42
placed 1n the recess 54 with the electric power supplied from
the battery 90, a radiation source charging processor 158 for
charging the battery 96 through the connection terminals 68a,
68b, 70a, 706 with the electric power supplied from the
battery 90, and an unlock detector 160 for detecting when the
operator 38 presses the unlock button 34 to bring the hook 6
out of engagement with the edge of the hole 66.

When the mobile terminal 42 1s removed from the recess 54
and hence cannot be charged, the mobile terminal charging
processor 156 outputs a signal representative of an interrup-
tion of the charging process on the mobile terminal 42 to the
cassette controller 92. When the radiation source device 18 1s
detached from the cassette 12, disengaging (electrically dis-
connecting) the connection terminal 68a from the connection
terminal 70a or disengaging (electrically disconnecting) the
connection terminal 684 from the connection terminal 705,
and hence the battery 96 cannot be charged, the radiation
source charging processor 138 outputs a signal representative
of an interruption of the charging process on the battery 96 to
the cassette controller 92. The unlock detector 160 1s a posi-
tion detecting sensor for detecting the position of the unlock
button 34, the slide 56, or the hook 64. When the unlock
button 34, the slide 56, or the hook 64 moves to a position
where the hook 64 disengages from the edge of the hole 66,
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the unlock detector 160 outputs a signal representative of the
disengagement of the hook 64 from the edge of the hole 66 to
the cassette controller 92.

The cassette controller 92 comprises an address signal
generator 162, an image memory 164, a cassette ID memory
166, an SID determining unit (imaging distance determining
unit) 168, and a charging controller 170.

The address signal generator 162 supplies address signals
to the address decoder 146 of the line scanning driver 142 and
the address decoder 152 of the multiplexer 144. The image
memory 164 stores radiographic image information detected
by the radiation detector 86. The cassette 1D memory 166
stores cassette ID information for identifying the radio-
graphic 1image capturing apparatus 10A or specifically, the
cassette 12 thereof.

The SID determining unit 168 calculates the 1maging dis-
tance between the focused point 122 and the position 124 at
the time the radiation source device 18 1s tentatively placed
over the irradiated surface 20 according to the present reeled-
out length of the ribbon 76 (or the string 75), based on the
recled-out length of the ribbon 76 (or the string 75) which 1s
input from the rotary encoder 78 and the distance 12 which
has been stored.

Then, 1f the calculated imaging distance agrees with the
SID, the SID determining unit 168 controls the display unit 36
through the transceivers 94, 98 to display information repre-
senting the present reeled-out length of the ribbon 76 (or the
string 75) as the reeled-out length 11 depending on the SID
and also representing that the imaging distance has agreed
with the SID. If the calculated imaging distance does not
agree with the SID, then the SID determining unmit 168 con-
trols the display unit 36 through the transceivers 94, 98 to
display information representing the difference between the
present reeled-out length and the reeled-out length 11 and
also representing that the imaging distance has not agreed
with the SID.

The SID determining unit 168, the rotary encoder 78, and
the tape measure 72 jointly make up an imaging distance
setting means 169.

The charging controller 170 mainly controls the supply of
clectric power from the battery 90 to the radiation detector 86,
1.€., the application of a bias voltage Vb shown 1n FIG. 10 to
the radiation detector 86.

Specifically, the charging controller 170 carries out the fol-
lowing control process:

(1) In the absence of signals from the radiation source
charging processor 158 and the unlock detector 160, the
charging controller 170 judges that the radiation source
device 18 and the cassette 12 are integrally joined to each
other and the radiation source 44 does not apply the radiation
46 (non-applied state), and controls the battery 90 not to
supply electric power to the radiation detector 86.

(2) If a s1ignal 1s supplied from the radiation source charg-
ing processor 158 or the unlock detector 160, then the charg-
ing controller 170 judges that the operator 38 1s 1n the process
of detaching the radiation source device 18 from the cassette
12, and controls the battery 90 not to supply electric power to
the radiation detector 86.

(3) If signals are supplied from the radiation source charg-
ing processor 158 and the unlock detector 160, then the charg-
ing controller 170 judges that the operator 38 has detached the
radiation source device 18 from the cassette 12 and 1s per-
forming the preparatory procedure, and controls the battery
90 to supply electric power to the radiation detector 86 to
activate the radiation detector 86.

Specifically, in the case of (1) or (2) above, as the radiation
source 44 does not output the radiation 46, the charging
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controller 170 inhibits the battery 90 from supplying electric
power to the radiation detector 86 and maintain the entire of
the cassette 12 1n a sleep mode 1n which the radiation detector
86 1s not activated. In the case of (3), since the operator 38
may turn on the exposure switch 48 immediately after the
preparatory procedure 1s completed, possibly outputting the
radiation 46 from the radiation source 44, the charging con-
troller 170 starts supplying electric power from the battery 90
to the radiation detector 86 to activate the radiation detector
86 immediately when the charging controller 170 1s supplied
with signals from the radiation source charging processor 158
and the unlock detector 160.

Irrespectively of whether the cassette 12 1s 1n the sleep
mode or not and whether the radiation detector 86 1s activated
or not, the battery 90 supplies electric power at all times to the
rotary encoder 78, the cassette controller 92, the transceiver
94, the mobile terminal charging processor 156, the radiation
source charging processor 158, and the unlock detector 160.

If a signal 1s supplied from the mobile terminal charging
processor 156, then the charging controller 170 judges that
the mobile terminal 42 1s detached from the cassette 12 and
may control the battery 90 not to supply electric power to the
mobile terminal charging processor 156.

In the case of (1) or (2), furthermore, the ribbon 76 (or the
string 73) 1s not practically reeled out from the tape measure
72, and hence the charging controller 170 may control the
battery 90 not to supply electric power to the rotary encoder
78. In the case of (3), the charging controller 170 may control
the battery 90 to supply electric power to the rotary encoder
78.

The cassette controller 92 may transmit the cassette 1D
information stored in the cassette ID memory 166 and the
radiographic image information stored in the image memory
164, via the transcerver 94 to the mobile terminal 42 by way
of wireless communications.

The radiographic 1image capturing apparatus 10A accord-
ing to the first embodiment of the present mnvention 1s basi-
cally constructed as described above. Operation of the radio-
graphic 1mage capturing apparatus 10A to carry out a
radiographic 1mage capturing method will be described
below with reference to a tlowchart shown i FIG. 12. It 1s
assumed the ribbon 76 1s reeled out from the tape measure 72
in the tflowchart shown 1n FIG. 12. However, the string 75 may
be reeled out from the tape measure 72, and the description of
the flowchart shown 1 FIG. 12 1s equally applicable 11 the
string 73 1s reeled out from the tape measure 72 except that the
word “ribbon” 1s to be replaced with the word “string”.

In step S1 shown in FIG. 12, while the radiation source
device 18 and the cassette 12 are being integrally joined to
cach other by the joining mechanism 82, the operator 38, a
doctor or a radiological technician, grips the grip 24 of the
radiographic 1mage capturing apparatus 10A and carries the
radiographic 1image capturing apparatus 10A to a disaster site
or a home receiving home-care services. At the disaster site or
the home, the operator 38 operates the control pad 40 of the
mobile terminal 42 to register 1image capturing conditions
including subject information (e.g., SID) of the subject 50 to
be 1maged.

At this time, the operator 38 may operate the control pad 40
while the mobile terminal 42 1s either detached from the
recess 54 or placed inthe recess 34 in the cassette 12. If abody
region to be imaged and an image capturing method are
known, then the operator 38 also operates the control pad 40
to register them as 1mage capturing conditions. If details of
the subject 50 are already known before the operator 38
carries the radiographic image capturing apparatus 10A to the
disaster site or the home, then the operator 38 may register
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subject information including those details using the mobile
terminal 42 at a medical orgamzation, e.g., a hospital, to
which the operator 38 belongs.

Upon operation on the control pad 40 by the operator, the
registered 1mage capturing conditions imncluding the subject
information of the subject 50 are sent from the transcerver 98
of the mobile terminal 42 to the transceiver 94 of the cassette
12 by way of wireless communications, and then registered in
the cassette controller 92.

In step S1, the cassette 12 1s 1n the sleep mode 1n which the
charging controller 170 inhibits the battery 90 from supplying
clectric power to the radiation detector 86. The battery 90
supplies electric power to the rotary encoder 78, the cassette
controller 92, the transceiver 94, the mobile terminal charging
processor 136, the radiation source charging processor 158,
and the unlock detector 160. Since the radiation source con-
troller 102 1s not supplied with a signal from the charging stop
detector 105, even 1f the operator 38 turns on the exposure
switch 48 1n error, the radiation source controller 102 nullifies
the turn-on operation on the exposure switch 48, and 1mnhibits
the radiation source 44 from emitting the radiation 46, 1.¢.,
does not energize the radiation source 44.

In step S2, when the operator 38 presses the unlock button
34, the hook 64 1s displaced toward the side wall 524 against
the resiliency of the spring 60 until the hook 64 1s brought out
of engagement with the edge of the hole 66. The unlock
detector 160 detects the disengagement of the hook 64 from
the edge of the hole 66, and outputs a signal that 1s indicative
of the disengagement to the charging controller 170.

If the operator 38 detaches the radiation source device 18
from the cassette 12 while the hook 64 1s not engaging with
the edge of the hole 66, 1.¢., while the operator 38 1s pressing
the unlock button 34, then the connection terminal 68a dis-
engages from the connection terminal 70q and the connection
terminal 6856 disengages from the connection terminal 705,
releasing the radiation source device 18 and the cassette 12
from each other. The radiation source charging processor 158
outputs a signal representative of an interruption of the charg-
ing process on the battery 96 of the radiation source device 18
to the charging controller 170.

In step S3, the charging controller 170 judges that the
operator 38 has detached the radiation source device 18 from
the cassette 12 and started the preparatory procedure based on
the signals from the unlock detector 160 and the radiation
source charging processor 158, and controls the battery 90 to
start supplying electric power to the radiation detector 86, 1.¢.,
applying the bias voltage Vb to the radiation detector 86.
When supplied from the electric power from the battery 90,
the radiation detector 86 1s quickly activated, activating the
cassette 12 1n 1ts entirety from the sleep mode.

In step S4, the operator 38 sets the imaging distance and
brings the mark 130 displayed on the 1rradiated surface 20
into alignment with the central position 126 of the guide lines
22. Thereatter, the operator 38 places and positions the sub-
ject 50 between the 1rradiated surface 20 and the radiation
source device 18.

The operator 38 move the radiation source device 18 to reel
out the ribbon 76 from the tape measure 72 until the actual
recled-out length of the rbbon 76 reaches the reeled-out
length 11 depending on the SID.

The ribbon 76 may be reeled out from the tape measure 72
until the actual reeled-out length of the ribbon 76 reaches the
recled-out length 11 according to either one of two processes
to be described below.

According to the first process, the SID determining unit
168 automatically determines whether the actual reeled-out
length of the ribbon 76 reaches the reeled-out length 11 or not,
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and hence allows the operator 38 to reel out the ribbon 72
from the tape measure 72 until the actual reeled-out length of
the ribbon 76 reaches the reeled-out length 11 depending on
the SID.

In the first process, the rotary encoder 78 detects the actual
recled-out length of the ribbon 76, and the SID determiming
unit 168 calculates the imaging distance between the focused
point 122 and the position 124 at the time the radiation source
device 18 1s tentatively placed over the irradiated surface 20
according to the present reeled-out length of the ribbon 76
based on the detected reeled-out length.

I1 the imaging distance agrees with the SID, then the SID
determining unit 168 controls the display unit 36 via the
transceivers 94, 98 to display information representing the
reeled-out length (11) of the ribbon 76 and also representing
that the imaging distance agrees with the SID. If the imaging
distance does not agree with the SID, then the SID determin-
ing unit 168 controls the display unit 36 via the transcervers
94, 98 to display information representing the difference
between the present reeled-out length and the reeled-out
length 11 and also representing that the imaging distance has
not agreed with the SID.

The first process allows the operator 38 to set the 1imaging,
distance easily because the operator 38 may reel out the
ribbon 76 from the tape measure 72 according to the infor-
mation displayed on the display unit 36.

According to the second process, the reeled-out length 11
1s known, and the operator 38 reels out the ribbon 76 from the
tape measure 72 until the present reeled-out length reaches
the reeled-out length 11, while seeing the graduations 74.

After the ribbon 76 1s reeled out from the tape measure 72
until the present reeled-out length reaches the reeled-out
length 11 depending on the SID, the operator 38 moves the
radiation source device 18 into facing relationship to the
irradiated surface 20.

The charging stop detector 103 detects when the battery 90
stops charging the battery 96 because of detachment of the
radiation source device 18 from the cassette 12, and sends a
signal indicative of the detection to the radiation source con-
troller 102. Based on the signal from the charging stop detec-
tor 105, the radiation source controller 102 controls the laser
pointer 104 to apply a laser beam 128 to the irradiated surtace
20, and cancels the nullification of the turn-on operation on
the exposure switch 48, allowing the operator 38 to operate
the exposure switch 48. The crisscross mark 130 which rep-
resents the center of the range in which the 1rradiated surface
20 1s 1rradiated with the radiation 46 1s now displayed on the
irradiated surface 20. The operator 38 positionally adjusts the
radiation source device 18 until the mark 130 and the central
position 126 are aligned with each other.

After having positionally adjusted the radiation source
device 18 until the mark 130 and the central position 126 are
aligned with each other, the operator 38 places or positions
the subject 50 on the 1irradiated surface 20 so that the center of
a body region to be 1imaged of the subject 50 1s aligned with
the central position 126, 1.e., the position of the mark 130.

After the above positional adjustment, the radiation source
device 18 1s secured to the adjusted position by a holder, not
shown, for example.

In step S5 after the subject 50 1s positioned, the operator 38
turns on the exposure switch 48 to start capturing a radio-
graphic 1mage of the subject 50.

When the exposure switch 48 1s turned on, the radiation
source controller 102 sends a request for 1mage capturing
conditions to the cassette controller 92 by way of wireless
communications. Based on the request, the cassette controller
92 sends 1mage capturing conditions (control signal) with
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respect to the body region to be imaged of the subject 50 to the
radiation source device 18. When the radiation source con-
troller 102 recerves the image capturing conditions, the radia-
tion source controller 102 controls the laser pointer 104 to
stop emitting the laser beam 128, and controls the radiation
source 44 to apply the radiation 46 with a predetermined dose
to the subject 50 according to the image capturing conditions.

In the radiation source 44, the rotating mechanism 106 1s
controlled by the radiation source controller 102 to rotate the
rotational shait 108 and the rotary anode 110. The power
supply 118 applies a negative voltage to the field-emission-
type electron source 116 based on the electric power supplied
from the battery 96, and the power supply 120 applies a
voltage between the rotary anode 110 and the cathode 114
based on the electric power supplied from the battery 96. The
ficld-emission-type electron source 116 emits electrons
which are accelerated by the voltage applied between the
rotary anode 110 and the cathode 114 and bombard the target
layer 112. The surface of the target layer 112 which 1s bom-
barded with the electrons emits from the focused point 122
the radiation 46 whose intensity depends on the applied elec-
trons.

When the subject 50 1s 1rradiated with the radiation 46 for
a given 1rradiation time based on the image capturing condi-
tions 1n step S6, the radiation 46 passes through the subject 50
and reaches the radiation detector 86 of the cassette 12.

In step S7, since the radiation detector 86 1s of the indirect
conversion type, the scintillator of the radiation detector 86
emits visible light having an intensity depending on the inten-
sity of the radiation 46, and the pixels 132 of the photoelectric
conversion layer 138 converts the visible light mto electric
charges and store the electric charges. The electric charges
stored by the pixels 132, which are representative of a radio-
graphic image of the subject 50, are read from the pixels 132
according to address signals which are supplied from the
address signal generator 162 of the cassette controller 92 to
the line scanning driver 142 and the multiplexer 144.

Specifically, in response to the address signal supplied
from the address signal generator 162, the address decoder
146 of the line scanning driver 142 outputs a selection signal
to select one of the switches SW1, which supplies the control
signal Von to the gates of the TFT's 140 connected to the gate
line 134 corresponding to the selected switch SW1. In
response to the address signal supplied from the address
signal generator 162, the address decoder 152 of the multi-
plexer 144 outputs a selection signal to successively turn on
the switches SW2 to switch between the signal lines 136 for
thereby reading the electric charges stored in the pixels 132
connected to the gate line 134 selected by the line scanning
driver 142, through the signal lines 136.

The electric charges read from the pixels 132 connected to
the selected gate line 134 are amplified by the respective
amplifiers 148, sampled by the sample and hold circuits 150,
and supplied to the multiplexer 144. Based on the supplied
clectric charges, the multiplexer 144 generates and supplies a
radiographic image signal to the A/D converter 154, which
converts the radiographic image signal into a digital signal.
The digital signal which represents the radiographic image
information 1s temporally stored 1n the image memory 164 of
the cassette controller 92 1n step S8.

Similarly, the address decoder 146 of the line scanning
driver 142 successively turns on the switches SW1 to switch
between the gate lines 134 according to the address signal
supplied from the address signal generator 162. The electric
charges stored in the pixels 132 connected to the successively
selected gate lines 134 are read through the signal lines 136,
and processed by the multiplexer 144 and the A/D converter
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154 into a digital signal, which are stored in the image
memory 164 of the cassette controller 92 1n step S8.

The radiographic 1image information represented by the
digital signal stored in the image memory 164 1s transmitted
through the transceirver 94 to the mobile terminal 42 by way of
wireless communications. The radiographic 1image informa-
tion transmitted to the mobile terminal 42 1s recerved by the
transcerver 98 and transmitted from the transceirver 98 to the
display unit 36, which displays aradiographic image based on
the radiation 1mage information 1n step S9, as shown in FIG.
13. The operator 38 can determine whether the body region to
be 1imaged of the subject 50 has been appropriately imaged or
not by confirming the radiographic image displayed on the
display unit 36.

For example, if the radiographic image displayed on the
display unit 36 does not include the body region to be imaged
of the subject 50, then the operator 38 judges that the subject
50 has not been appropriately imaged, and performs the
image capturing method on the subject 50 again.

The radiographic image displayed on the display unit 36
may be of a quality good enough to determine whether the
subject 50 has been appropriately 1imaged or not. The dis-
played radiographic image may be either the radiographic
image represented by the radiographic image information
stored 1n the 1mage memory 164, an image of low data, or an
image processed to a relatively low resolution.

In step S10, the radiation source device 18 1s moved to the
side 14a of the cassette 12, whereupon the ribbon 76 starts to
be coiled by the spring 1n the tape measure 72. With the holes
66, 62 being aligned with each other, the connection terminals
68a, 70a arc brought 1nto engagement with each other and the
connection terminals 6856, 705 are brought 1nto engagement
with each other. The hook 64 engages the edge of the hole 66,
integrally joining the radiation source device 18 to the cas-
sette 12.

The unlock detector 160 now stops outputting its signal to
the charging controller 170. The radiation source charging
processor 158 also stops outputting 1ts signal to the charging
controller 170, and starts again to charge the battery 96
through the connection terminals 68a, 685, 70a, 705b.

When the unlock detector 160 and the radiation source
charging processor 158 stop outputting their signals to the
charging controller 170, the charging controller 170 judges
that the radiation source device 18 and the cassette 12 are
integrally joined to each other, and controls the battery 90 to
stop supplying electric power to the radiation detector 86. As
a result, the radiographic 1mage capturing apparatus 10A
including the cassette 12 1s brought into the sleep mode 1n step
S11. With no signal supplied from the charging stop detector
105, the radiation source controller 102 nullifies the turn-on
of the exposure switch 48, inhibiting the radiation source 44
from outputting the radiation 46 again.

The operator 38 carries back the radiographic image cap-
turing apparatus 10A to the medical organization to which the
operator 38 belongs. In the medical organization, the radia-
tion 1mage mmformation stored 1n the image memory 164 1s
transmitted to various devices connected to an in-hospital
network through the transceiver 94 by way of wireless com-
munications or through the USB terminal 28 by way of wired
communications. Alternatively, the radiation 1mage informa-
tion stored 1n the memory card 30, which 1s then removed
from the card slot 32 and inserted into any of the various
devices connected to the in-hospital network. Therefore, the
radiation 1mage information can be analyzed in detail for
diagnosis 1 the medical organization.

With the radiographic image capturing apparatus 10A and
the radiographic 1image capturing method carried thereby, as
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described above, the radiation source device 18 and the cas-
sette 12 which are integrally joined to each other by the
jo1mng mechanism 82 are carried. To capture a radiographic
image of the subject 50, the radiation source device 18 and the
cassette 12 are separated from each other, and the radiation
source 44 1n the radiation source device 18 outputs and
applies the radiation 46 to the subject 50. The radiographic
image capturing apparatus 10A 1s thus portable, small, and
light, and can be made ready simply and quickly to capture a
radiographic image according to the preparatory procedure.

When the radiation source device 18 and the cassette 12 are
separated from each other, the charging controller 170 of the
cassette controller 92 controls the battery 90 to supply electric
power to the radiation detector 86. Therefore, the radiation
detector 86 can quickly be activated in the preparatory pro-
cedure.

When the radiation source device 18 and the cassette 12 are
integrally joined to each other, the charging controller 170 of
the cassette controller 92 controls the battery 90 to stop sup-
plying electric power to the radiation detector 86. Therelore,
the radiation detector 86 which has been activated can quickly
be mactivated.

Since the radiation detector 86 1s activated or inactivated
depending on whether the radiation source device 18 and the
cassette 12 are integrally joined to each other by the joining
mechanism 82 or separated from each other, the radiographic
image capturing apparatus 10A serves as a power saver.

It 1s easy to set the imaging distance to the SID by reeling,
out the ribbon 76 or the string 75 from the tape measure 72 by
the reeled-out length 11. The rotary encoder 78 detects the
recled-out length of the ribbon 76 or the string 75, and the SID
determining unit 168 determines whether the 1imaging dis-
tance agrees with the SID or not. The determined result 1s
displayed on the display unit 36 to indicate to the operator 38
whether the actual reeled-out length of the ribbon 76 or the
string 75 1s equal to the reeled-out length 11 depending on the
SID or not. Therefore, the operator 38 finds it easy to set the
SID.

The graduations 74 on the ribbon 76 or the string 735 allow
the operator 38 to reel out the ribbon 76 or the string 75 by the
recled-out length 11 while watching the graduations 74. Con-
sequently, the subject 50 can be 1rradiated with the radiation
46 at an appropriate dose when a radiographic image of the
subject 50 1s to be captured. The graduations 74 also make it
possible to measure the dimensions of the body region to be
imaged of the subject 50 during the preparatory procedure.
Rather than reeling out the ribbon 76 or the string 75 by the
recled-out length 11, the ribbon 76 or the string 75 may be
recled out from the tape measure 72 by a given length, and the
cassette controller 92 may reset the value of SID depending
on the given length as an image capturing condition.

According to the conventional process of capturing radio-
graphic images, the tube voltage of the radiation source 44 has
been regarded as an important mrradiating condition repre-
senting the quality of the radiation 46, and the value of mA-s
(the product of the current and the irradiation time, 1.e., the
total exposure level of the radiation 46) has been regarded as
an 1mportant irradiating condition representing the quantity
ol the radiation 46.

However, for better radiation dose management, the imag-
ing distance (SID) between the focused point 122 of the
radiation source 44 and the position 124 on the radiation
detector 86 1s also regarded as an important irradiating con-
dition. Specifically, since the dose of the radiation 46 drops 1n
inverse proportion to the square of the imaging distance, even
if the radiation 46 having an exposure level depending on the
tube voltage of the radiation source 44 and the value of mA-s
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1s output from the radiation source 44, the dose of the radia-
tion 46 that 1s actually applied to the subject 50 1s different
depending on the value of SID.

According to the first embodiment, 1n addition to setting
the reeled-out length of the ribbon 76 or the string 75 to the
recled-out length 11, the image capturing conditions includ-
ing the reeled-out length 11 and the SID as well as the radio-
graphic 1mage information may be stored in the image
memory 164, or may be displayed together with the radiation
image on the display unit 36. These stored or displayed image
capturing conditions make 1t possible for the operator 38 to
recognize the tube voltage, the value of mA-s, and the SID
with which the radiographic 1image has been captured. It 1s
thus easy to perform better radiation dose management for
radiographic 1mages that are captured at disaster sites and
homes receiving home-care services.

Since the cassette 12 includes the transceiver 94, and the
radiation source device 18 includes the transceiver 100, the
cassette controller 92 and the radiation source controller 102
can send signals to and receive signals from each other via the
transcewvers 94, 100. Therefore, the outputting of the radia-
tion 46 from the radiation source 44 1n response to the expo-
sure switch 48 being turned on and the conversion by the
radiation detector 86 from the radiation 46 1nto the radiation
image mformation can be synchronized with each other. The
battery 96 may be supplied with electric power in timed
relation to the above synchronization.

The radiation source device 18 and the cassette 12 are
integrally joined to each other easily by the hook 64 which
engages the edge of the hole 66.

As the ends of the radiation source device 18 are held by the
respective holders 16a, 165, the radiation source device 18
and the cassette 12 remain 1ntegrally joined to each other.

The ends of the radiation source device 18 have the con-
nection terminals 68a, 68b, respectively, and the holders 16a,
165 have the connection terminals 70a, 705, respectively, 1n
conifronting relation to the connection terminals 68a, 685.
When the ends of the radiation source device 18 are held by
the respective holders 16a, 165, the connection terminals 68a,
68b and the connection terminals 70a, 705 engage each other,
respectively. Consequently, the radiation source device 18
and the cassette 12 easily remain integrally joined to each
other.

Hither one of the connection terminals 68a, 685 and either
one of the connection terminals 70a, 705 are convex and the
other terminals are concave. Accordingly, the connection ter-
minals 68a, 685 and the connection terminals 70a, 705 are
held in reliable engagement with each other. When the opera-
tor 38 orients the radiation source device 18 the other way
around 1n error, the radiation source device 18 cannot be
joined to the cassette 12 because the convex connection ter-
minals do not snugly engage with each other and the concave
connection terminals do not snugly engage with each other.

The connection terminals 70a, 706 are electrically con-
nected to the battery 90 in the cassette 12, and the connection
terminals 68a, 685 are electrically connected to the battery 96
in the radiation source device 18. When the connection ter-
minals 68a, 70a engage with each other and the connection
terminals 68, 705 engage with each other, the battery 96 can
be charged by the battery 90 through the connection terminals
68a, 68b, 70a, 705b.

I1 the battery 96 1s charged to a level high enough to capture
a desired number of radiographic 1images of the subject 50,
then the desired number of radiographic images of the subject
50 can reliably be captured.

When the radiation source device 18 and the cassette 12 are
integrally joined to each other by the joining mechamism 82,
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the radiation source 44 1s disposed in the radiation source
device 18 1n confronting relation to the cassette 12. Therefore,
the radiation source 44 1s prevented from emitting the radia-
tion 46 1 wrong directions as long as the radiation source
device 18 and the cassette 12 are integrally joined to each
other. In addition, when the radiation source device 18 and the
cassette 12 are integrally joined to each other, even if the
operator 38 turns on the exposure switch 48, the radiation
source controller 102 or the cassette controller 92 nullifies the
turn-on operation on the exposure switch 48 and hence does
not energize the radiation source 44. As the radiation source
44 1s thus 1nhibited from emitting the radiation 46, the radia-
tion source 44 1s reliably prevented from emitting the radia-
tion 46 1n error.

The first embodiment 1s not limited to the details described
above, but may be modified as follows:

In the above description of the first embodiment, the radia-
tion detector 86 1s activated when the radiation source device
18 and the cassette 12 are separated from each other. How-
ever, the radiation source 44 may also be activated when the
radiation source device 18 and the cassette 12 are separated
from each other. The radiation source 44 may also be 1nacti-
vated when the radiation source device 18 and the cassette 12
are 1ntegrally joined to each other.

The radiographic image capturing apparatus 10A may be
activated 1n 1ts entirety when the radiation source device 18
and the cassette 12 are separated from each other. The radio-
graphic image capturing apparatus 10A may be shut down 1n
its entirety or placed 1n the sleep mode when the radiation
source device 18 and the cassette 12 are integrally joined to
cach other.

In the above description of the first embodiment, the image
capturing process 1s started when the exposure switch 48 1s
turned on. However, the image capturing process may be
started when the operator 38 operates the control pad 40 of the
mobile terminal 42. In other words, one of the control buttons
of the control pad 40 may be used as a dedicated exposure
switch.

The cassette 12 1s 1llustrated as having a rectangular hous-
ing shape. However, the cassette 12 may be 1in the form of a
flexible sheet 1n a portion thereof which includes the radiation
detector 86. The cassette 12 1n the form of a tlexible sheet
makes 1t possible to reduce the entire radiographic image
capturing apparatus 10A 1n size and weight because the flex-
ible sheet can be coiled nto a roll.

During the image capturing process, the radiation source
device 18 1s securely fixed 1n position by a holder, not shown.
However, the operator 38 may hold the radiation source
device 18 by hand at least during the 1image capturing process.

In the above description of the first embodiment, the bat-
tery 90 charges the battery 96. However, the battery 96 may be
regarded as a power supply for the entire radiographic image
capturing apparatus 10A, and may charge the battery 90.

In the above description of the first embodiment, during the
image capturing process, the cassette controller 92 sends
image capturing conditions (control signal) to the radiation
source controller 102 thereby to synchronize the outputting of
the radiation 46 from the radiation source 44 and the conver-
s1on by the radiation detector 86 from the radiation 46 into the
radiation 1mage information. Instead, the radiation source
controller 102 may have a function to register 1mage captur-
ing conditions in advance, and may send the image capturing
conditions to the cassette controller 92 1n response to the
exposure switch 48 being turned on or in response to the
separation of the radiation source device 18 from the cassette

12.
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In the first embodiment, signals are sent and received
between the cassette 12 and the radiation source device 18 by
way ol wireless communications. Therefore, no cables are
required to send and receive signals between the cassette 12
and the radiation source device 18, and hence no obstacles are
present to the operator 38 working on the radiographic image
capturing apparatus 10A. The operator 38 1s thus able to work
cificiently on the radiographic image capturing apparatus
10A.

The first embodiment 1s applicable to the acquisition of
radiographic 1mages using a light readout type radiation
detector. The light readout type radiation detector operates as
follows: When a radiation 1s applied to a matrix of solid-state
detecting devices, the solid-state detecting devices store an
clectrostatic latent 1mage depending on the dose of the
applied radiation. For reading the stored electrostatic latent
image, reading light 1s applied to the solid-state detecting
devices to cause the solid-state detecting devices to generate
an electric current representing radiation image information.
When erasing light 1s applied to the radiation detector, radio-
graphic 1mage information representing a residual electro-
static latent image 1s erased from the radiation detector, which
can thus be reused (see Japanese Laid-Open Patent Publica-
tion No. 2000-105297).

To prevent the radiographic 1mage capturing apparatus
10A from being contaminated with blood and bacteria, the
entire radiographic image capturing apparatus 10A may be of
a water-resistant and hermetically sealed structure, and may
be sterilized and cleaned when necessary so that 1t can be used
repeatedly.

The radiographic image capturing apparatus 10A may
communicate with external devices by way of wireless com-
munications using radio-wave signals or light signals such as
inirared signals or the like.

In the first embodiment, the radiographic image capturing,
apparatus 10A may be dispensed with the tape measure 72, as
shown 1n FIG. 14. The radiographic image capturing appara-
tus 10A which 1s free of the tape measure 72 provides advan-
tages associated with the components thereof other than the
tape measure 72.

In the above description of the first embodiment, the join-
ing mechanism 82 has major components disposed in the
cassette 12. However, the major components of the joining
mechanism 82 may be disposed in the radiation source device
18.

FIG. 15 shows a radiographic image capturing apparatus
10A according to a modification in which the unlock button

34, the hook 64, ctc. are provided 1n the radiation source
device 18.

As shown 1n FIG. 15, the side 14a of the cassette 12 does
not have the holders 164, 165, and the radiation source device
18 has a flat side facing the side 14a of the cassette 12. The
opposite ends of the radiation source device 18 have respec-
tive unlock buttons 34. The radiation source device 18 also
has holes 62 and hooks 64 1n the flat side thereof which faces
the side 14a of the cassette 12, near the opposite ends of the
radiation source device 18. Connection terminals 68a, 685 are
disposed on the tlat side of the radiation source device 18 near
one of the ends of the radiation source device 18.

The side 14a of the cassette 12 has holes 66 defined therein
in alignment with the respective holes 62 and connection
terminals 70a, 705 1n alignment with the connection termi-
nals 68a, 685.

The radiographic image capturing apparatus 10A shown in
FIG. 15 operates as follows: While the flat side of the radia-
tion source device 18 and the side 14a of the cassette 12 are
facing each other, the hooks 64 are inserted into the respective




US 8,345,320 B2

21

holes 66, and the connection terminals 68a, 6856 and the
connection terminals 70a, 705 are brought 1nto engagement
with each other. The radiation source device 18 and the cas-
sette 12 are now 1ntegrally joined to each other.

The radiographic image capturing apparatus 10A shown in
FIG. 15 offers the same advantages as the radiographic image
capturing apparatus 10A according to the first embodiment.

According to the modification shown in FIG. 15, since the
unlock buttons 34 are disposed on the opposite ends of the

radiation source device 18, the operator 38 can easily discon-
nect the radiation source device 18 from the cassette 12 sim-
ply by detaching the radiation source device 18 from the
cassette 12 while pressing the unlock buttons 34.

In the first embodiment, as shown 1n FIG. 16, a cradle 180
tor charging the battery 90 of the radiographic 1image captur-
ing apparatus 10A 1s positioned at a desired location 1n the
hospital. The cradle 180 may not only be able to charge the
battery 90, but also have a wireless or wired communication
function to send and receive necessary information to and
from an external device i the hospital. The information that
1s sent from the cradle 180 may include radiation image
information recorded in the radiographic image capturing
apparatus 10A that 1s connected to the cradle 180.

The cradle 180 has a display unit 182 for displaying the
charged state of the radiographic 1image capturing apparatus
10A loaded on the cradle 180 and necessary information
including radiation image information acquired from the
radiographic image capturing apparatus 10A.

A plurality of cradles 180 may be connected to a network,
and charged states of radiographic 1mage capturing apparatus
10A that are loaded on the cradles 180 may be retrieved
through the network, so that the user can confirm the locations
of any radiographic image capturing apparatus 10A which are
suificiently charged, based on the retrieved charged stages.

The radiographic image capturing apparatus 10A accord-
ing to the first embodiment has been illustrated as being used
to capture radiographic images at disaster sites and homes
receiving home-care services. However, the radiographic
image capturing apparatus 10A according to the first embodi-
ment 1s not limited to use in the capture of radiographic
images 1n the medical field, but 1s also applicable to the
capture of radiographic 1mages in various nondestructive
tests.

A radiographic 1image capturing apparatus 10B according
to a second embodiment will be described below with refer-
ence to FIGS. 17 through 23.

Those parts of the radiographic 1image capturing apparatus
10B which are 1dentical to those of the radiographic image
capturing apparatus 10A according to the first embodiment
(see FIGS. 1 through 16) are denoted by 1dentical reference
characters, and will not be described 1n detail below.

The radiographic 1image capturing apparatus 10B accord-
ing to the second embodiment 1s different from the radio-
graphic image capturing apparatus 10A according to the first
embodiment 1n that the radiation source device 18 and the
cassette 12 are joined to each other by arms (joining mem-
bers) 190.

As shown 1n FI1G. 17, arms 190 have respective cylindrical
proximal ends (shafts) 192 mounted on substantially central
portions of the sides 14¢, 144 of the cassette 12 and also have
respective distal ends 194 fixed to the respective opposite
ends of the radiation source device 18. The radiation source
device 18 can be brought into facing relation to the irradiated
surface 20 when the arms 190 are turned about the proximal
ends 192 thereof (see FIGS. 20 and 21). The arms 190 have a
fixed length depending on the SID, so that when the arms 190
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are turned to move the radiation source device 18 to a position
above the wrradiated surface 20, the imaging distance can
casily be set to the SID.

As shown in FIGS. 18A and 18B, the hook 64 1s joined to
the unlock button 34 by a joining 196. The hook 64 1s con-
nected to the upper end of the joining 196 and the unlock
button 34 1s connected to the lower end of the joining 196. A
ledge 198 projects downwardly from the irradiated surface 20
of the cassette 12, and a spring 200 1s connected between the
ledge 198 and the upper end (the hook 64) of the joining 196
for normally biasing the hook 64 to move away from the ledge
198. A ledge 204 projects upwardly from a bottom surface
202, which 1s spaced downwardly from the irradiated surface
20, of the cassette 12, and a spring 206 1s connected between
the ledge 204 and the lower end (unlock button 34) of the
joiming 196 for normally biasing the unlock button 34 to move
away from the ledge 204.

As shown 1in FIGS. 17 and 18A, the unlock button 34 1s
normally exposed partially out of the cassette 12 and also the
hook 64 1s normally exposed partially out of the cassette 12
through the hole 62 under the resiliency of the springs 200,
206. When the operator 38 presses the unlock button 34
against the resiliency of the springs 200, 206, the exposed tip
end of the hook 64 1s retracted into the hole 62, as shown 1n
FIG. 18B.

As shown in FIGS. 19 A through 19C, the cylindrical proxi-
mal end 192 of each of the arms 190 has a shaft 208 extending
into the cassette 12, and a torsion spring (arm turning means)
210 1s mounted on the shaft 208. The torsion spring 210 has an
end 212 held in contact with the bottom surface 202 and an
opposite end 214 fixed to the shait 208. The torsion spring 210
normally biases the proximal end 192 and the shatt 208 to turn
clockwise 1n FIGS. 19B and 19C.

Operation of the radiographic image capturing apparatus
10B according to the second embodiment from the state 1n
which the radiation source device 18 and the cassette 12 are
integrally joined to each other as shown 1n FIGS. 17 and 18A
to an 1mage capturing position and state shown 1n FIGS. 20
and 21 will be described below.

While the radiation source device 18 and the cassette 12 are
integrally joined to each other as shown 1n FIGS. 17 and 18A,
the operator 38 presses the unlock button 34. The joining 196
1s displaced toward the ledges 198, 204 against the resiliency
of the springs 200, 206, temporally retracting the hook 64
which prevents the arm 190 from angular movement into the
hole 62 (see FI1G. 18B).

Since the hook 64 1s displaced out of engagement with the
arm 190, the proximal end 192 and the shait 208 are turned
clockwise in FIGS. 19B and 19C under the resiliency of the
torsion spring 210. The arm 190 1s thus turned about the
proximal end 192 and the shait 208 1n unison therewith. As a
result, the radiation source device 18 1s separated from the
cassette 12 and moved to a position above the 1rradiated
surface 20, 1.e., above the central position 126, so that the
imaging distance 1s automatically set to the SID. The process
of setting the 1maging distance 1s now completed.

After the arm 190 1s turned, the operator 38 releases the
unlock button 34. Since the joining 196 returns to the position
shown 1n FIG. 18A under the resiliency of the springs 200,
206, the hook 64 1s exposed again out of the hole 62.

After the radiographic image capturing apparatus 10B has
captured a radiographic 1image, the operator 38 returns the
distal end 194 of the arm 190 to the side surface 14a against
the resiliency of the torsion spring 210. Since the arm 190 as
it turns downwardly presses the hook 64 1nto the hole 62, the
joiming 196 1s displaced toward the ledges 198, 204 against
the resiliency of the springs 200, 206, temporally retracting
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the hook 64 into the hole 62. Thereatter, the when the arm 190
descends to the position shown in FIGS. 17 and 18A, the
joimng 196 returns to the position shown 1 FIG. 18A under
the resiliency of the springs 200, 206. The hook 64 1s exposed
again out of the hole 62 and engages the arm 190, preventing
the arm 190 from being turned.

With the radiographic image capturing apparatus 10B
according to the second embodiment and the radiographic
image capturing method carried thereby, as described above,
when the hook 64 and the arm 190 are disengaged from each
other, the arm 190 1s turned about the proximal end 192 and
the shatt 208. The radiation source device 18 and the cassette
12 are automatically separated and hence released from the
integrally joined state.

As the arms 190 have a fixed length depending on the SID,
the 1imaging distance 1s automatically set to the SID simply
when the arms 190 are turned to move the radiation source
device 18 to the position above the irradiated surface 20.
Therefore, the process of setting the imaging distance 1s very
easy to carry out.

The 1imaging distance 1s easily and accurately set because
the torsion spring 210 for turning the arm 190 from the posi-
tion shown 1n FIG. 17 to the position shown 1n FIGS. 20 and
21 1s mounted on the shaft 208 extending from the proximal
end 192.

In FIGS. 17 through 21, the arms 190 are illustrated as
having a fixed length. However, as shown 1n FIG. 22, a modi-
fied radiographic 1mage capturing apparatus 10B may have a
telescopic arm 190 to provide an adjustable SID.

According to the modified radiographic 1image capturing
apparatus 10B, as shown 1n FIG. 23, the cassette 12 houses
therein a linear encoder (arm length detector) 230 for detect-
ing the length of the arm 190. The SID determining unit 168
calculates an SID based on the detected length of the arm 190,
and the display unit 36 displays the SID received through the
transceivers 94, 98. The operator 38 thus can easily recognize
what value of SID the present length of the arm 190 corre-
sponds to by seeing the SID displayed on the display unit 36.

In the second embodiment, the laser pointer 104 (see FIG.
1) 1s dispensed with because the radiation source device 18 1s
positioned above the central position 126 when the arms 190
are turned. In FIG. 23, the arms 190, the linear encoder 230,
and the SID determining unit 168 jointly make up an imaging
distance setting means 169.

In the second embodiment, the battery 96 may be charged
through the connection terminals 68a, 685, 70a, 706 when the
arms 190 are secured to the position shown 1 FIG. 17, for
example, as with the first embodiment. The connection ter-
minals 68a, 685 are provided on the arms 190 or the radiation
source device 18, whereas the connection terminals 70a, 705
are provided 1n given positions on the side surfaces 14¢, 144
which face the arms 190 or 1n given positions on the side
surface 14a which faces the radiation source device 18.
According to the second embodiment, therefore, the radiation
detector 86 1s activated when the radiation source device 18
and the cassette 12 are separated from each other, as with the
first embodiment.

A radiographic 1image capturing apparatus 10C according
to a third embodiment will be described below with reference
to FIGS. 24 through 26.

Those parts of the radiographic 1image capturing apparatus
10C which are 1dentical to those of the radiographic image
capturing apparatus 10A, 10B according to the first and sec-
ond embodiments (see FIGS. 1 through 23) are denoted by
identical reference characters, and will not be described in
detail below.
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The radiographic 1image capturing apparatus 10C accord-
ing to the third embodiment 1s different from the radiographic
image capturing apparatus 10B according to the second
embodiment (see FIGS. 17 through 23) 1n that 1n order to
prevent the radiation 46 or scattered rays of the radiation 46
from being radiated around, a roll-screen housing box (screen
housing) 222 for rolling and housing a screen (Joining mem-
ber) 220 which 1s made of lead for absorbing the radiation 46
or scattered rays of the radiation 46 1s accommodated 1n the
cassette 12 near the side wall 524 thereof, and the screen 220
has a distal end fixed to the radiation source device 18.

The screen 220 protects persons other than the subject 50,
¢.g., the operator 38, against unwanted exposure to the radia-
tion or scattered rays of the radiation 46 while the subject 50
1s being imaged. The screen 220 1s automatically pulled out of
the housing box 222 when the radiation source device 18 1s
moved to the position above the irradiated surface 20 upon
turning movement of the arms 190. Consequently, the opera-
tor 38 finds 1t easy to perform the preparatory procedure. The
screen 220 1s marked with graduations 224 which may be
used to measure the dimensions of the body region to be
imaged of the subject 50, for example.

The rotary encoder 78 1s combined with the housing box
222 for detecting a reeled-out length of the screen 220 pulled
from the housing box 222. The SID determining unit 168
calculates an 1maging distance based on the detected reeled-
out length of the screen 220 and determines whether the
calculated 1maging distance agrees with the SID or not.
Therefore, the imaging distance can easily be setto the SID by
the radiographic i1mage capturing apparatus 100 which
employs the screen 220.

The radiographic 1mage capturing apparatus 10A, 10B,
100 may incorporate modifications shown in FIGS. 27
through 31. The modifications shown i FIGS. 27 through 31
are different from the embodiments and modifications shown
in FIGS. 1 through 26 in that the radiation source device 18
applies radiations 46a through 46¢ through the subject 50 to
the cassette 12 simultaneously or successively 1n irradiated
ranges which are smaller than the radiation 46 (see FIGS. 6, 8,
14, 20, 21, 24, and 25).

The modifications shown 1n FIGS. 27 through 31 are effec-
tive i capturing radiographic images of the subject 30 with
the radiations 46a through 46¢ applied in the irradiated ranges
which are smaller than the radiation 46 when the radiation
intensity 1s set to a weak level and the radiation source device
18 1s positioned closely to the cassette 21 for a small SID for
better safety against unwanted exposure to the radiation in
disaster sites or homes recerving home-care services.

According to the modification shown in FIG. 27, the radia-
tion source device 18 houses therein a plurality of radiation
sources 44a, 44b, 44¢ spaced at certain itervals for simulta-
neously applying the respective radiations 46a, 465, 46¢ to
the wrradiated surface 20 of the cassette 12. The radiation
sources 44a, 44b, 44¢ simultaneously output the respective
radiations 46a, 465, 46¢ such that the areas 1rradiated by the
radiations 46a, 465 partly overlap each other and the areas
irradiated by the radiations 465, 46¢ partly overlap each other.
Theradiations 46a, 465, 46¢ thus applied cover the entire area
within the outer frame provided by the guide lines 22 (see
FIGS. 1, 2, 7, 8, 14 through 17, 20, 24, and 26), reliably
without any radiation-iree gaps 1n the area. Even 11 the radia-
tion 1ntensity 1s set to a weak level, therefore, 1t 1s possible to
reliably capture a radiographic 1image of the subject 50.

According to the modification shown 1n FIGS. 28A, 28B,
and 29, the radiation source device 18 houses therein a rail
302 extending longitudinally therealong, and the radiation
source 44 1s movable along the rail 302. The radiation source
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44 repeatedly moves to certain positions along the rail 302
and applies the radiations 46a, 465, 46¢ from respective posi-
tions aiter the radiation source 44 has moved to the certain
positions along the rail 302. The radiation source 44 moves to
the positions shown respectively 1in FIGS. 28A, 288, and 29
and applies the radiations 46a, 465, 46¢ from those positions
such that the areas 1rradiated by the radiations 46a, 465 partly
overlap each other and the areas 1rradiated by the radiations
46b, 46¢ partly overlap each other. The radiations 46a, 465,
46¢ thus applied cover the entire area within the outer frame
provided by the guide lines 22, reliably without any radiation-
free gaps 1n the area. Even 11 the radiation intensity 1s set to a
weak level, theretfore, 1t 1s possible to reliably capture a radio-
graphic 1mage of the subject 50.

According to the modification shown 1n FIGS. 30A, 30B,

and 31, the radiation source 44 1s repeatedly turned to certain
angular positions by a turning mechanism, not shown, and
applies the radiations 46a, 465, 46¢ from respective positions
alter the radiation source 44 has been turned to the certain
angular positions. The radiation source 44 1s turned to the
angular positions shown i FIGS. 30A, 30B, and 31 and
applies the radiations 46a, 465, 46¢ from those angular posi-
tions such that the areas 1rradiated by the radiations 46a, 465
partly overlap each other and the areas irradiated by the
radiations 465, 46¢ partly overlap each other. The radiations
46a, 46b, 46¢ thus applied cover the entire area within the
outer frame provided by the guide lines 22, reliably without
any radiation-free gaps in the area. Even 1if the radiation
intensity 1s set to a weak level, therefore, 1t 1s possible to
reliably capture a radiographic image of the subject 50.

In the modification shown in FIGS. 27 through 31, the
portions of the generated radiographic 1mage which corre-
spond to the overlapping areas wrradiated by the radiations
46a, 465, 46 may be corrected by a known correcting pro-
cess such as a shading process or the like. In the modification
shown 1n FIG. 27, at least two of the radiation sources 44a,
44b, 44c may be employed to apply the radiations to cover the
entire area within the outer frame provided by the guide lines
22, reliably without any radiation-iree gaps in the area. In the
modifications shown i FIGS. 28A through 31, the sequence
in which the radiation source 44 1s moved or turned, the
positions to which the radiation source 44 1s moved, and the
angular positions to which the radiation source 44 1s turned
are not limited to those shown in FIGS. 28 A through 31, but
may be changed appropriately.

Further, as shown in FIGS. 32 and 33, the radiation source
device 18 of the radiographic image capturing apparatus 10A
may have a handle 310 on a portion opposite to the portion
from which the radiation 46 1s emitted. This arrangement
allows the operator 38 to grip the handle 310 to move the
radiation source device 18 to a desired position. Further, 1f the
radiation 46 1s emitted while the operator 1s gripping the
handle 310, irradiation of the radiation 46 to the operator 38
(exposure to radiation) can reliably be avoided.

Also, the handle 310 1s provided with a capacitive or resis-
tive touch sensor 312. When the operator 38 grips the handle
310, the palm of the operator 38 touches an electrode (not
shown) of the touch sensor 312. Based on the contact between
the palm and the electrode, the touch sensor 312 outputs a
detection signal to the radiation source controller 102 and the
cassette controller 92 (see FIG. 11). Upon receipt of the
detection signal, the radiation source controller 102 or the
cassette controller 92 may activate the radiation source device
18 or operate the radiation detector 86.

Although certain preferred embodiments of the present
invention have been shown and described 1n detail, 1t should
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be understood that various changes and modifications may be
made therein without departing from the scope of the
appended claims.

What 1s claimed 1s:

1. A radiographic image capturing apparatus comprising:

a radiation source device housing therein a radiation source
for outputting a radiation;

a cassette housing therein a radiation detector for detecting
the radiation which 1s transmitted through a subject
when the subject 1s irradiated with the radiation by the
radiation source, and converting the detected radiation
into a radiographic 1image; and

a j01ning mechanism for, selectively, joining the radiation
source device and the cassette integrally to each other
and separating the radiation source device and the cas-
sette from each other when the radiation source outputs
the radiation.

2. A radiographic 1image capturing apparatus according to

claim 1, further comprising:

a control unit for activating at least one of the radiation
source and the radiation detector 1n a case where the
joining mechanism separates the radiation source device
and the cassette from each other.

3. A radiographic 1image capturing apparatus according to
claim 2, wherein the control unit 1nactivates the radiation
source and the radiation detector 1n a case where the joining,
mechanism integrally joins the radiation source device and
the cassette to each other.

4. A radiographic image capturing apparatus according to
claim 1, further comprising

an 1maging distance setting unit for setting an 1maging
distance between the radiation source and the radiation
detector to a source-to-image distance.

5. A radiographic 1image capturing apparatus according to
claim 4, wherein the joining mechamism includes a joining
member for joining the radiation source device and the cas-
sette to each other, the joining member functioning as a por-
tion of the imaging distance setting unit by separating the
radiation source device and the cassette from each other.

6. A radiographic 1mage capturing apparatus according to
claim S, wherein the joining member comprises either an arm
by which the radiation source device and the cassette are
coupled to each other, a string, a ribbon, or a screen mounted
on one of the radiation source device and the cassette and
having a distal end fixed to the other of the radiation source
device and the cassette.

7. A radiographic 1image capturing apparatus according to
claim 6, wherein the joining member comprises the arm, the
arm comprising either an arm having an entire length set to a
fixed length depending on the source-to-image distance or a
telescopic arm which 1s extensible and contractible to adjust
the 1maging distance to the source-to-image distance.

8. A radiographic 1image capturing apparatus according to
claim 7, wherein the arm comprises the telescopic arm, and
the 1imaging distance setting unit comprises an arm length
detector for detecting a length of the arm and an 1maging
distance determining unit for calculating the imaging dis-
tance based on a length of the arm which 1s detected by the
arm length detector and determining whether the calculated
imaging distance agrees with the source-to-image distance or
not.

9. A radiographic 1image capturing apparatus according to
claim 6, wherein the joiming member comprises the screen,
and one of the radiation source device and the cassette
includes a screen housing for housing therein a roll of the
screen, the screen having a distal end fixed to the other of the
radiation source device and the cassette.
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10. A radiographic image capturing apparatus according to
claim 6, wherein the 1imaging distance setting unit comprises
a reeled-out length detector for detecting a reeled-out length
of the string or the ribbon which 1s reeled out from the one of
the radiation source device and the cassette, and an 1maging,
distance determining unit for calculating the source-to-image
distance based on the reeled-out length which is detected by
the reeled-out length detector.

11. A radiographic image capturing apparatus according to
claim 9, wherein the imaging distance setting unit comprises
a reeled-out length detector for detecting a reeled-out length
of the screen from the screen housing, and an 1maging dis-
tance determining unit for calculating the source-to-image
distance based on the reeled-out length of the screen which 1s
detected by the reeled-out length detector.

12. A radiographic image capturing apparatus according to
claim 1, wherein the radiation source device further houses
therein a radiation source battery for energizing the radiation
SOUrce;

the radiation source device including radiation source con-

nection terminals disposed on respective opposite ends
thereol and connected to the radiation source battery;
and

the cassette includes holders for holding the opposite ends

ol the radiation source device to assist in integrally jo1in-
ing the radiation source device to the cassette, and cas-
sette connection terminals for being connected respec-
tively to the radiation source connection terminals 1n a
case where the opposite ends of the radiation source
device are held respectively by the holders.

13. A radiographic image capturing apparatus according to
claim 12, wherein one of the radiation source connection
terminals 1s convex and the other of the radiation source
connection terminals 1s concave; and

one of the cassette connection terminals which faces the

convex radiation source connection terminal 1s concave
and the other of the cassette connection terminals which
faces the concave radiation source connection terminal
1S CONvex.

14. A radiographic image capturing apparatus according to
claim 12, wherein the radiation source battery 1s charged to a
level high enough to capture at least a predetermined number
of radiographic 1images of the subject through the radiation
source connection terminals and the cassette connection ter-
minals in a state where the radiation source connection ter-
minals are connected respectively to the cassette connection
terminals.

15. A radiographic 1image capturing apparatus according to
claim 1, wherein the joiming mechanism comprises a lock unit
for keeping the radiation source device and the cassette inte-
grally joined to each other and an unlock unit for releasing the
radiation source device and the cassette from being integrally
joined to each other by the lock uniat.

16. A radiographic image capturing apparatus according to
claim 15, wherein the joining mechanism 1s mounted on the
cassette:

the lock umit comprises a hook engageable in a hole defined

in a side of the radiation source device which faces the
cassette; and

the unlock umit comprises an unlock button for disengaging

the hook from the hole to separate the radiation source
device from the cassette.

17. A radiographic image capturing apparatus according to
claim 16, wherein the cassette includes holders facing respec-
tive opposite ends of the radiation source device for holding
the opposite ends, respectively, of the radiation source device
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to assist 1n integrally joining the radiation source device to the
cassette upon engagement of the hook 1n the hole.

18. A radiographic image capturing apparatus according to
claim 15, wherein the joining mechanism 1s mounted on the
radiation source device;

the lock unit comprises ahook engageable 1n a hole defined

in a side of the cassette which faces the radiation source
device; and

the unlock unit comprises an unlock button for disengaging

the hook from the hole to separate the cassette from the
radiation source device.

19. A radiographic image capturing apparatus according to
claim 18, wherein the radiation source device further houses
therein a radiation source battery for energizing the radiation
SQUrce;

the radiation source device includes two radiation source

connection terminals disposed on a side thereof which
faces the cassette and connected to the radiation source
battery; and

the cassette includes cassette connection terminals dis-

posed on a side thereof which faces the radiation source
device 1n facing relation to the radiation source connec-
tion terminals.

20. A radiographic image capturing apparatus according to
claim 15, wherein the joiming mechanism further includes an
arm by which the radiation source device and the cassette are
coupled to each other, the arm being angularly movably con-
nected at a proximal end thereof to either the radiation source
device or the cassette;

the lock unit keeps the radiation source device and the

cassette mtegrally joined to each other by locking the
arm against angularly moving around the proximal end;
and

the unlock unit releases the radiation source device and the

cassette from each other by unlocking the arm from the
lock unat.

21. A radiographic image capturing apparatus according to
claim 20, wherein the joiming mechanism further includes an
arm turning unit for turming the arm about the proximal end of
the arm 1n a state where the arm 1s unlocked from the lock unit
by the unlock unit.

22. A radiographic image capturing apparatus according to
claim 21, wherein the lock unit, the unlock unit, and the arm
turning unit are mounted on the cassette;

the proximal end of the arm 1s connected to the cassette, the

arm having a distal end connected to the radiation source
device;

the lock unit comprises a hook for engaging the arm to

prevent the arm from being turned by the arm turming
unit;

the unlock unit comprises an unlock button for disengaging

the hook from the arm to allow the arm to be angularly
movable; and

the arm turning unit comprises a torsion spring for angular

movement of the arm and the radiation source device 1in
unison with each other about the proximal end of the arm
in a state where the arm 1s allowed to angularly move by
the unlock button.

23. A radiographic image capturing apparatus according to
claim 1, wherein the radiation source i1s oriented toward the
cassette 1n a state where the radiation source device and the
cassette are integrally joined to each other by the joining
mechanism.

24. A radiographic image capturing apparatus according to
claim 1, further comprising:

an exposure inhibition controller for inhibiting the radia-

tion source from outputting the radiation in a state where
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the radiation source device and the cassette are integrally
joined to each other by the joining mechanism, the expo-
sure nhibition controller being mounted on either the
radiation source device or the cassette.

25. A method of capturing a radiographic image, compris-

ing the steps of:

moving a radiation source device and a cassette which are
integrally joined to each other by a joining mechanism;

thereatter, separating the radiation source device and the
cassette from each other:

outputting a radiation from a radiation source housed 1n the
radiation source device and applying the radiation to a
subject;

detecting the radiation which 1s transmitted through the
subject and converting the detected radiation into a
radiographic image with a radiation detector housed 1n
the cassette; and
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thereafter, integrally joining the radiation source and the
cassette to each other with the joining mechanism.

26. A method according to claim 25, further comprising the

steps of:

alter the radiation source device and the cassette are sepa-
rated from each other, setting a source-to-image distance
between the radiation source and the radiation detector
with an 1imaging distance setting unit; and

outputting the radiation from the radiation source after the
source-to-image distance 1s set.

277. A method according to claim 25,

wherein the radiation source device and the cassette are
integrally joined to each other with the joining mecha-
nism to mactivate the radiation source and the radiation
detector which have been activated.
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